Abstract. This paper is concerned with the optimal linear filtering problem for system with multiple rates. The state is updated at the higher rate and the measurement is sampled at the lower rate. The least square filter is proposed by an innovation analysis approach. Compared with the existing augmented filter, the proposed filter can reduced the computational cost.
Introduction
In recent years, the filtering problem for systems with multiple rates has attracted lots of attention due to the impossibility to sample all the physical signals at one single rate in many complicated practical systems. For multi-rate systems, the first important study goes back to the switch decomposition technique proposed by Kranc [1] . Generally, there are two methods for the state estimation problem for multi-rate systems. One is based on multiscale system theory and the other is based on Kalman filtering theory. On the basis of Kalman filtering theory, many useful filtering strategies are proposed [2] [3] [4] [5] [6] . But, the computational cost of the above filtering strategies is high since they are given by state/measurement augmentation. In this article, the multi-rate filtering problem is transformed into an equivalent single rate filtering problem. Then, the optimal linear filter is proposed. The proposed filter can reduce the computational cost since the state augmentation is avoided.
Problem Formation
Consider the following linear discrete-time stochastic multi-rate system 
Our aim is to find the optimal linear filter ˆ()
based on the measurement
Optimal Linear Filter
In this subsection, we first establish the state space model at the measurement sampling points. 
Observe that systems (4) and (5) are transformed into the single rate systems. In the following, we will give the filter P tb tb at the measurement sampling points by applying the classical Kalman filter.
Lemma 1[7]
Under Assumptions 1 and 2, the filter for systems (4) and (5) is computed by Theorem 2 Under Assumptions 1 and 2, for systems (1) and (2), the filter 
Conclusion
In this paper, a multi-rate filtering problem for linear stochastic system is studied. The considered system includes two rates: the sate updating rate and the measurement sampling rate, where the measurement sampling rate is a multiple of state updating rate. We derive the least square filter at the state updating points by projection theory. The proposed filter has lower computational burden since the non-augmented method is applied.
